Bovine parvovirus (BPV) is an autonomous parvovirus with a linear, single-stranded DNA genome of approximately 5550 bases (Snyder et al., 1982) . The 3'-terminal duplex of parvovirus DNA has been shown to function in vitro as a template-primer for prokaryotic DNA polymerases, allowing conversion in vitro of single-stranded viral DNA to a linear, doublestranded replicative form (RF) (Bourguignon et al., 1976; Salzman et al., 1978; Banerjee et al., 1981) . Restriction maps have been prepared for DNAs of several rodent (McMaster et al., 1981 a; Banerjee et al., 1981 ; Rhode, 1977) , canine (McMaster et al., 1981 b) , and defective (Berns & Hauswirth, 1978) parvoviruses. We present a restriction map for BPV and compare restriction site locations for BPV with those for other autonomous parvoviruses.
Bovine foetal spleen cells were grown in monolayer culture in Eagle's minimal essential medium containing 10~ foetal calf serum. BPV was subjected to two cycles of SDS-plaque purification prior to preparation of virus stocks. Viral DNA was isolated as described by Lavelle & Mitra (1978) .
Restriction enzymes were purchased from Bethesda Research Laboratories and New England Biolabs and used according to their recommendations. T4 DNA polymerase was obtained from Bethesda Research Laboratories or P-L Biochemicals. T5 DNA polymerase was purified by the method of Fujimura & Roop (1976) . Agarose (type II) was obtained from Sigma. Unlabelled deoxynucleoside triphosphates (dNTPs) were obtained from P-L Biochemicals and [~_32 P]dNTPs were obtained from New England Nuclear. Specific labelling of viral D NA by T5 DNA polymerase was performed as described (Banerjee et al., 1981) .
Double-stranded BPV RF DNA was synthesized with Escherichia coli DNA polymerase I (Klenow fragment) and BPV virion DNA (Bourguignon et al., 1976; Salzman et al., 1978) . By neutral agarose gel electrophoresis and by summation of restriction digest products, we determined the size to be 5550 base pairs (bp). RF DNA isolated from infected cells (Hirt, 1967) or re-annealed from plus and minus DNA strands of virions (Saemundsen & Bates, 1978) was the same size. However, because of 3' terminus heterogeneity these were not used. Mapping . Neutral gels (a) were in 40 mMTris-acetate pH 7.8, 20 raM-sodium acetate, 2 mM-EDTA and were electrophoresed at 90 V for 18 h at 20 °C with buffer recirculation. Alkaline gels (b) were prepared in 50 m~-NaC1, 2 mM-EDTA and electrophoresed in 60 mM-NaOH, 2 mM-EDTA (Favoloro et al., 1980) . Electrophoresis was performed at 80 V with buffer recirculation until the bromocresol green dye marker had migrated 21 cm. Gels were neutralized with 1 M-acetic acid for 10 min. Gels were blot-dried onto DE81 paper (Whatman), covered with plastic wrap, and exposed for autoradiography (Kodak XAR X-ray film and DuPont Cronex studies were performed using the RF D N A synthesized in vitro and labelled at the 3' terminus, uniformly, or within the 5' terminus region. The number of restriction fragments generated by restriction enzyme digestion of uniformly labelled BPV RF D N A was determined using a variety of enzymes. BPV D N A was not cleaved by HindlII, SalI, SmaI, SstlI or XorlI. Enzymes that produced fewer than six fragments were chosen for mapping. These were BamHI, BclI, BgllI, BstEII, EcoRI, HinclI, HpaI, KpnI, PstI, XbaI and XhoI (Fig. 1, Table 1 ). Eleven additional restriction enzymes with tetranucleotide recognition sequences cleaved at multiple sites, but were not used for mapping. These enzymes and the number of restriction sites were: AluI (20), Avail (9), EcoRII (12), HaelI (8), HaelII (20), HinfI (20), HhaI (10), HpalI (12), Sau3A (10), TaqI (12) and Thai (8).
Fragment sizes were determined by mobility comparison to HinclI, HaelI and HpalI restriction fragments of phage M 13 RF D N A (Banerjee et al., 1981) and were not adjusted for differences in average base composition. Since the 3' terminus of BPV D N A is in the foldback configuration, no label can be incorporated into the hairpin region of the 3' terminus. Consequently, restriction sites within this region cannot be detected by autoradiographic methods. This problem was tackled by analysing restriction digests on both neutral and alkaline agarose gels. Since the 3' terminus of the R F synthesized in vitro is covalently joined to its complementary strand, alkaline gel electrophoresis of any 3'-terminal fragment retaining this structure indicates a size twice that determined by neutral gel analysis. Fragments for which duplex strands are not covalently joined appear to be the same size by both neutral and alkaline gel electrophoresis (Fig. 1) . In each case a band migrating at twice the size of the 3'-terminal fragment was seen. Sites for these enzymes were not present within the 3'-terminal hairpin region. For KpnI, however, a band was detected on the alkaline gel at both the neutral gel size and at twice the neutral gel size for the 3'-terminal fragment. The appearance of both bands suggests that there was a contaminating endonuclease able to act upon the single-stranded regions within the 3'-terminal hairpin (Astell et al., 1979a, b) rather than the presence of a restriction site within the 3' terminus for KpnI. The sum of the sizes determined for digestion products of each enzyme was 5550 bp _+ 50 bp in each case.
Two types of 5' termini were observed as a doublet band differing in size by apparently 50 bp and were present in approximately equal amounts (see Fig. 1 b, lane 5) . This probably represents foldback and extended 5' termini, due to inefficient melting by polI of the 5'-terminal hairpin at 37 °C. PolI appeared able to melt this region efficiently at 42 °C : a single band was observed (data not shown).
Sites recognized by enzymes that produced three fragments or less could be ordered directly by comparison of the restriction digestion patterns of end-labelled and uniformly labelled DNAs. The results in Fig. 2 are representative of this procedure, where the DNAs were digested to completion with BglII. Since only terminal fragments containing label are detected by autoradiography of end-labelled DNA, comparison to the complete digestion pattern of uniformly labelled DNA indicates the fragment order. Comparison of lanes 1, 2 and 3 of Fig. 2 identifies the 3'-terminal fragment as 1-05 kilobase pairs (kb), the Y-terminal fragment as 2.58 kb and the internal fragment as 1.87 kb.
For enzymes producing four or more fragments, partial digestion products of terminally or uniformly labelled DNAs were used for mapping, in addition to complete digests. An example of this analysis is presented in lanes 5, 6 and 7 of Fig. 2 . Five fragments were observed for a HincII digest of uniformly labelled DNA (lane 5). The 5'-terminal fragment (lane 6) was observed as a doublet band of 0-45 and 0-50 kb. The T-terminal fragment (lane 7) was 0.58 kb. A faint band was also seen in lane 7 at 1.28 kb. This band probably represents partial digestion of the site between the 0.58 and 0.70 kb fragments, and places the 0.70 kb fragment adjacent to the T-terminal fragment. This arrangement was supported by digestion with HpaI which generated a 1.28 kb 3'-terminal fragment. HpaI recognizes a subset of the HincII recognition sequences. The order of the 0.92 and 2.85 kb fragments was determined by partial digestion of 5'-labelled DNA which gave a partial digestion product of 1-42 kb, indicating that the 0.92 kb fragment was adjacent to the 5'-terminal 0.50 kb fragment. The location of the 2.85 kb fragment was inferred to be between the 0.92 and 0-70 kb fragments, and this was demonstrated by partial digestion of uniformly labelled DNA.
Using the above data, a physical map was constructed for the BPV RF DNA synthesized in vitro (Fig. 3) . Map positions were confirmed by the ability to predict the fragment sizes resulting from the sequential digestion of two restriction enzymes. McMaster et aL (1981b) * Genomic locations given in map units distal to the 3' terminus of the viral DNA strand.
The occurrence of recognition sequences consisting of G and C were compared for parvoviruses of rodents [minute virus of mice (MVM), H-1 and Kilham rat virus (KRV)], bovine (BPV), and canine (CPV) as shown by hexanucleotide-and tetranucleotide-recognizing restriction enzyme cleavage (McMaster et al., 1981 a, b; Banerjee et al., 1981 ; Rhode, 1977) . The hexanucleotide sequences CCCGGG (SmaI) and CCGCGG (SstlI) are absent in these autonomous parvoviruses. The central tetranucleotide sequences contained within these sites, CCGG (HpalI) and CGCG (Thai), are also rare in the rodent parvoviruses, but not for BPV or the defective, adeno-associated parvovirus AAV2 (Berns & Hauswirth, 1978) . The reverse of these tetranucleotide sequences, GGCC (HaelII) and GCGC (HhaI), are common in the autonomous parvoviruses as well as in AAV2. Comparison of restriction site positions of rodent, bovine and canine parvoviruses suggests a conservation of genome organization (Table 2) . Thus, comparison of the restriction site locations for BPV with other autonomous parvoviruses suggests that certain restriction sites may be conserved in these viruses. However, in addition to these shared sites, BPV has a number of sites which are not in common. This divergence of BPV DNA sequence is also exhibited by its inability to form heteroduplexes with DNA from MVM, H-1 and KRV as well as LulII and AAV (Banerjee et al., 1983) .
